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Background: Present studies of drug- 
induced tumor growth promotion have 
evolved from earlier investigations into 
the mechanism of action of /V/^-di- 
cthyl.2-[4Kphenylmethyl)phenoxy]eth- 
ana mine HCI, a tamoxifen derivative 
v*hich potently inhibits lymphocyte 
mitogenesis in vitro and stimulates 
tumor growth in vivo. It is thought that 
potency to bind to intracellular his- 
tamine receptors (H IC ), some of which 
are on cytochromes P450, may corre- 
late with tumor growth-promoting ac- 
tivity. Purpose: We assessed the 
effectiveness of five in vitro assays in 
predicting in vivo tumor growth 
stimulation by the ^-antihistamines 
loratadine, astemizole, cetirizine, hy- 
droxyzine, and doxylamine. Methods: 
Potency of each agent was ranked 1-5 
in each of the following in vitro assays: 
1) inhibition of [ 3 H]histamine binding 
to microsomal H,o 2) inhibition of his- 
tamine binding to microsomal P450, 3) 
inhibition of the P450-catalyzed de- 
methylation of aminopyrine, 4) inhibi- 
tion of lymphocyte mitogenesis, and 5) 
stimulation of tumor colony formation. 
An overall rank score was assigned to 
each drug and correlated with lumor 
growth stimulation in vivo. Two 



laboratories conducted in vivo stud ies 
in a blinded fashion. Female C57BL 
and C3H mice were given a sub- 
cutaneous injection on day 1 of syn- 
geneic B16F10 melanoma cells (5 x 10 5 ) 
or C-3 fibrosarcoma cells (1 x 10 s ), 
respectively. Mice were randomly As- 
signed to treatment groups, thten 
received a single, daily intraperitoneal 
injection of an estimated human- 
equivalent dose (or range of doses) jof 
antihistamine or vehicle control for 18- 
21 days before being killed. Tumdrs 
were surgically removed and wet 
weights compared statistically amohg 
groups. Results: The cumulative p otejn- 
r y of each dru^ in affectinE miV, 
growth or grow tn mechanisms in tfcc 
f ive i n V i tro assay s ranKea as loiiovfrs: 
f^rali ding and astemizole ranked 
THghest and were equally potent, fol- 
lowed m decreasing order by Hy- 
dr oxyzine, doxylamine, and cetirizine. 
£ significant correlation (r = .97; 
P*.02) was observed. between the rank 
order of potency of the antihistamines 
in all five in vitro assays and the rank 
order to enhance tumor growth in 
vivo: Loratidine and astemizole sig- 
nificantly <F<.001) promoted the 
growth of both melanoma and fibro- 
sarcoma, hydroxyzine significantly 
(P<.001) promoted the growth of 
melanoma, while doxylamine and 
cetirizine did not promote the growth 
of either tumor. Conclusion: Data dem- 
onstrate that the in vitro assays pre- 
dicted the propensity of each 
H, -antihistamine to stimulate cancer 
growth in vivo. Implication: These in 
vitro tests may prove valuable to 
screen potential tumor growth pro- 
moters. [J Natl Cancer Inst 86:770-775, 
1994] 



Lilly and Co., Indianapolis, lnd.)» ac- 
celerate the growth of cancer in rodenls. 
Subsequently, others (23) confirmed a 
similar property for clomipramine (Ana- 
franil, Basel Pharmaceuticals, Summit, 
N J.) and desipraminc (Norpramin. Mar- 
ion Merrell Dow Inc., Kansas City, Mo.), 
both tricyclic analogues of amitriptyline. 
Our studies of drug-induced tumor 
growth promotion arose from earlier in- 
vestigations into the mechanism of action 
of N,A/-diethyl-2-|4 -(phenylmethyl)phen- 
o*y]ethanajnine • HQ (DPPE), a tamoxi- 
fen derivative that potently inhibits 
lymphocyte mitogencsis in vitro (4) and 
stimulates tumor growth in. vivo (5) 
Through binding to microsomal and nu 
clear anti-estrogen-binding sites (AEBS 
(6), DPPE inhibits the binding of r 3 H]his 
tamine to AEBS-associsted introcellula 
histamine receptors (H, c ) implicated ii 
growth regulation (7); some of the micro 
somal Hk: sites arc associated witi 
cytochromes P450 (8). Tamoxifen, ami 
triptylinc, and fluoxetine also bin 
potently to H fC U like DPPE, they if 
hibit mitogencsis in vitro and significant) 
enhance the growth of 7,12-dimethyl 
benzlfl]anmracene-induced mammary tu 
mors in vivo (7,9); we (5) have postulate 
that potency to bind Hk: may correlate wit 
tumor growth-promoting activity. 

A number of other drugs (5), includin 
H| -antihistamines commonly prescribe 



We (/) reported thai, at human-equiva- 
lent doses, two nongenotoxic antidepres- 
sant drugs, amitriptyline (Elavil, Stuart 
Pharmaceuticals, Wilmington, Del.) and 
fluoxetine (Prozac, Dista Division, Eli 
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the treatment of allergic symptoms 
:h as seasonal hayfever or sold over- 
: -counter for relief of insomnia: or cold 
mpioms, bind to H, c over a wide range 
potencies (70). Therefore, we assessed 
c following five H r antihistamines for 
vivo tumor growth stimulation: 1) lora- 
dine (Claritin, Schering-Plough Corp., 
enilworth, NJ.), a nonsedating tricyclic 
»ent structurally similar to amitriptyline; 
I asternuole (Hismanal, Janssen Phar- 
taceutica, Piscataway, NJ.), nonsedat- 
ig; 3) cetirizine (Reactine. Pfiier 
onsumer Health Care, Division of Pfizer 
ic, Parsippany, N.J.), sedating; 4) hy- 
roxyzine (Atarax, Roerig. Division of 
fixer Pharmaceuticals, New York, 
i.Y.). sedating; and 5) doxylamine (Uni- 
om, Pfizer Consumer Health Care; Vicks 
JyQuil. Richardson-Vicks Inc., Cincin- 
iati, Ohio), sedating. 

Reliable in vitro correlative assays 
:ou!d be useful in the preclinica l screen- 
ng of drugs for rumor fy^wih pro™ 0 " 0 "- 
3n the basis of earlier indications, a 
najor aim oi this jttv^t manon was to 
Evaluate th e predictivencss of in vitro 
tests. Previously, we reported a correjaj - 
bon a mong potencies of vr?* - ^ d cer " 
5m FT^ S3 ^-antihistamines to 



compete at H fC sites in rat liver micro- 
snm m and to inhibit UNA syntnesis in 
concanavalin A-stimulated mouse spreeyr- 
celte (JO) and between potencies of 
flu oxetine and amitriptyline to stimulate 
tSRfA synthesis in C-3 fi brosarcoma cells 
with a bell-shaped dose-response curve, 
: , - — to 



to inhibit jnitosenesis. and to bmcT 



nu clear Htc (7). In addition, the demon- 
strauon in adrenal microsomes that some 
H, c sites represent P450 (8) suggested 
that the activity of this family of mono- 
oxygenases may be implicated not only in 
carcinogenesis (77). but also in rumor 
growth promotion. 

Therefore, we assessed the potency of 
each antihistamine in the following in 
vitro assays; 1) inhibition of I HJhista- 
rnine binding to microsomal Hie. 2) inhi- 
bition of histamine binding to microsomal 
P450, 3) inhibition of the P450-catalyzed 
demethylaiion of aminopyrine, 4) inhibi- 
tion of lymphocyte mito^e nesis^ end 5) 
stimulation of tumor colony formation. 
For each agent, the overall cumulative 
score in the battery of tests was correlated 
with propensity, at estimated human- 
equivalent doses, to stimulate the in vivo 



growth of two transplantable murine tu 
mors (BI6F10 melanoma and C-3 fibro 
sarcoma). 

Materials and Methods 
In Vitro Assays 

Inhibition of [^Jhisiaminc binding to in 
rat liver microsomes. Microsomal fractions were 
freshly prepared from livers of adult Sprapue- 
Dawley rati, as described previously (6). I n]His- 
i amine -binding assays (0.5 mj microsomal protein 
per milli liter) were performed fcn o buffer of 10 mM 
HCO, containing 0.1 ykM CuCI 3 . l 3 H}Hisiamine (3 
nmol; Du Pom NEN Research Products. Boston. 
Mass.) was incubated ai room umpcrarurc in the 
dark for 60 minutes with increasing concentrations 
of cold histamine or of the test agents. The ruction 
was terminated by ccntri hi get ion oi 12 OOOg for 15 
minutes oi 4 "C. Radioactivity was quaniiiaied for 
replicate samples, and binding data were analyzed 
using the LlGAND progrom (72) (three to four 
tests). Under the binding • conditions employed 
microsomes were found to contain Hvo iiies for his- 
tamine (K d , [dissociation constant for high-affinity 
site) * 0.26 ± 0.19 uVtf (mean ± SEMI; [dis- 
sociation constant for low-affinity site] s 36 ± 15 
uJtf). 

Inhibition of histamine binding to microsomal 
- P450. The K, (inhibitory constant) value of each an- 
tihistamine for histamine binding to P450 in rat liver 
microsomes was determined by analyses of dif- 
ference spectra. A Milton Roy Spectronkc 3000 
Array Spectrophotometer* (Milton Roy Company. 
New Roc he Ik. N.Y.) with o computer software -con- 
trolled program (Ropidscon) collected and plotted 
_ the spectral data. Microsomes were kept frozen (-70 
*Q until used, dw>wcd, diluted in potassium phos- 
phate buffer at 4 *C and pH 8 -5 (pH optimum for 
histamine difference spectra), gently homogenized, 
and preincuboted for 30 minutes ot 22 *C. Final con- 
cent mi ions of histamine (0.1 25- ID mAO and in- 
hibitory doses of antihistamine (20-5000 uJtf) or 
buffer (100 |lL each) were added to rat liver micro- 
somes (I ms/mL) in 12 w 75-mm polypropylene 
tubes (final vol a | mL) and incubated for 25 
minutes at 22 *C prior to readings. Tissue with or 
without competitors served as references. The 6A 
(amount bound), characterized by the difference be- 
tween o broad trough v* 39CM 10 nm and a pcah bI 
425-435 nm (7J), was plotted against the histamine 
concentrations added m the presence or absence of 
competitors. (Mkhaelia-Menten constant), and 
K ; values were determined from Lincweaver-Burtce 
plots analyzed with the IBM-PC program ENZYME 
[/<). Typical mean Kp, values i SEM for histamine 
binding were 364 i 23 liM (three to four tests). 

Aminopyrine dcmethylose ossay.. Rat liver 
microsomes were prepared by the method of Boob is 
ct ol. (JS). Eppendorf centrifuge tubes (1.5 mL, 
capped; Brinkmann Insirurnenrs. inc., Westbury. 
N.Y.) containing a final concentration of 10 uX of 
aminopyrine (0.1 -2 J nW). 50 u-L of regenerating 
system (glucose-o-phosphaic, 5 mAf; g)ucose-6- 
phosphatc dehydrogenase, 1 U/mL: and nicotina- 
mide-adenine dinucleotidc phosphaic. 0.3 mAf). and 
940 uL of microsomes (0.5 mg/protein) were in- 
cubated for 20 minutes at 37 'C in 50 mM Tris buff- 



er (pH 7.4). containing 3 mAtf MgCl,, I mAf EDTA. 
and 8j0 mM nccoimamlte. The microsomal suspen- 
sion was prcincuboced fcn 10-mL, 16 » 120-mm coni- 
cal glass tubes for 13-20 mtntttes ot 20 "C, with or 
without test Dgens, oral dten mined with substrate 
and re gem rating cystica. The ontihistommes were 
dissolved in HjO or cfhcnol; Ehs ethanol had no ef- 
fect on enzyms octivigy. Ths neacoon wm stopped 
with 0.3 mL of 20& trichtoroccetk ocid. The tubes 
were centrifugad oc 10 000^ ffcr 10 minutes of 4 "C. 
and CX5 mL of auperrotDftf wds odded to 0 J mL of 
NASH reagent (76). Tfes minturs »os incubated for 
10 minutes ot 70 *C # thsn cooted to room tempera- 
lure. The prodicci (formaldehyde) Was determined 
by absorbance, measured at 412 rrm. m a Milton 
Roy Spec ironic 3000 Arroy Sptctrophotomeier. For- 
maldehyde stondaHb (0-0 2 onAtf) in I JO mL of buf- 
fer and 03 mL of 205b trichloroacetic acid were 
reacted, and the □taoTfeance v^ds deiermined. Tubes 
containing no awbatraEa, wcfii or without test Offeni, 
were used as references. Typical Michaelis— Men ten 
values were o OA rrwW and V^, (msftimsl 
velocity) = 4J3 nmoMmg protein per minute. Line- 
weaver-Burtce ploffi. Kq. and EC, were determined 
with the IBM-PC program ENZYME by a weighted 
nonlinear leaaft-squares corve procedure (J 7). 

MftiogencrofiD aSQ^kas. Fresh spleen cells (5 u 10*) 
obtained from 5-<areeb>oid IB ALB /c . mice (Charles 
River, Si. Conatom, Quefcac, Conada) were sus- 
pended in RPMB-1640 medium coniaining 2% fern I 
calf serum (IPCS) (Cl&CO B$IL. Grand Island. 
N.Y.). seeded itttto replccota roifccrotvcll plates (Nunc. 
Roskildc. JDenmorb) Co which wos added con- 
.canavalin A (2-5 jsgAnL; Sisnro Chemical Co.. Su 
Louis. Mo.), M£d incubotsd (37 - C. 95% oir. 5S> 
I CO)) in she absences or prose/tea of increasing con- 
centrations of tfte test agenda. Forty-throe hours after 
the addition of co«cn«avalB(a A, 0.25 nmol [ , H)thy- 
midine (6.7 Ci/mncO; DCN RadiophormoceuLlcols- 
MonlrezJ, Qtcobsc) cyao added to aoch «yell. After an 
j additional 5-houir ictcubotioa. tCte cells c^ere washed 
I from the welJo onto Tiber papers with the use of on 
1 automated cell soner. The filters tvere placed in 
1 viols con Homing 5 miL of scintilloteon fluid 
CReadysofe; BecXonan Jlnsmmcents. Inc.. Fullerton. 
Calif.), ond rodroccshfhy irtcoTporosed into DNA at 
48 hours was determined (three assays for each^ 
Jigand)- 

Tumor colony gro^y££i oosoy. To assess the ef- 
fect of the various antihistamines cm the growth of 
BI6FI0 mclorcoma cello In vitro, we used subop- 
timal culture condlilcms. employing stole (condi- 
tioned) medium as described by Vichi and Trinon 
(J 8) for dOAombicin. BI6FI0 melanoma cells (I x 
10*) in 1 mL of condidoned omintmal essential 
medium (a-MEM; CISCO BRL) comoining 10% 
FCS were added to repfecoce 10-cm tissue culture 
dishci (Falcon Plastica. O&rtordL Calif.) containing 9 
mL of o-MEM (ICKt PCS) and 0.1 mL of dniQ or 
vehicle solution (final drus conceriiroiDon: lO"* 2 -!©'* 
M). Altai incubation for 24 hours (37 *C, 93^ air, 
5% C0 3 ). the celb from eoch dish were recovered 
by combining (he supernatonu from the original 
solution, the washed solution, end the trypstnixing 
solution, followed by centrifugation for 10 minutes 
(700j? at room temperature). Each cell pellei was 
rcsuspended in 10 mL of fresh o-MEM ( 10% FCS). 
diluted 1000-fold (final concentration, approximate- 
ly I0 1 cclls/mL), and I mL of the cell suspension 
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Table 1. Potency of five Hi-tntihisL&mincs in five in vitro 


usays* 


[ 3 H] Histamine Histamine binding Aminopyrinc 
binding to Hie «o P430 de me thy Use 


Tumor 

Miio»cncM3* colony growth 







1 1 -antihistamine 



-oraudine 
isierniiole 
lydroxyzinc 
>oxy limine 
Zetirizine 





K i2 . )*M* 


Rankt 


KuuM* 


Rankt 




Rankt 

1 


ICjo, u>#» 


Rank* 


stimulation 


R*nkt 


Score t 


2i 1 


381 1114 


2 


■ I3-5 - * IJ 


1 


3.1 ±03 




1.0*0.3 


1 


21 


3 


22 


2A12.2 


36 ±53 


1 


31 ± 1.7 


2 


71 ±7 


2 


2D ±0J2 


2 


35 


1 


22 


1.210.4 


2080 ± 625 


3 


62 ±5.6 


3 


3818 


3- 


121 1 


3 


30 


2 


16 


0.8 ± 03 


>3500 


4 


142 ± 35 


4 


7318 


4 . 


7015 


4 


9 


4 


10 


NB 


NB 


5 


15371 186 


3 


762 1 83 


5 . 


1601 10 


5 


9 


4 


6 



♦Values ~ means 1 SEM (three to sin assays for each of the five tcms). K«i «= inhibitory constant for high-affinity site; K« = inhibitory constant for low-affinity 
:ile; ICjo « concentration ihai causes 50* inhibition; NB - no binding detected. 

t Scoring in each assay by rank as follows: rank I * 5 points; 2-4 points; 3 « 3 points; 4 « 2 points: 5 * I i point. 
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Fig. 1. Effect of loratadine (A), astemizolt (B). hydroxyzine (C). and cetirizine (D) on the growth of B 16FI0 
melanoma (■ « A, C, and D; • * B) and C-3 fibrosarcoma (O* A, C and D: 0= B). •••/><.0DI: for 
loratadine, number of mice * 10-1 1: for hydroxyzine, number of mice 19-22; for cetirizine. number of 
mice * 10-21 for each concentration; for asirmizole, number of micr = 10 for each concentre lion (BI6FI0 
melanoma) and number of mice = 20 for each concent ration (C-3 fibrosarcoma). Bars = SEM. 



duction of various cytochromes P450 and 
of histidine decarboxylase, the histamine- 
forming enzyme, is associated with both 
tumor growth and the autogenic response 
(10.25). A comprehensive review (26) of 
many studies concluded that drug-in- 
duced modification of tumorigenesis is 
associated with ihe altered expression of 
a number of. enzymes, including cyto- 
chromes P450. 



That the concentrations of the antihis- 
tamines to modulate growth were lower 
than those required to inhibit histamine 
binding to P450 may signify a more 
potent interaction with specific cell P450s 
that control proliferation and/or are in- 
duced in proliferating lymphocytes (25) 
and in malignant cells (27), whereas the 
binding potency in liver microsomes 
might reflect overall affinity for a com- 



posite of P450 enzymes. Similarly, the 
rank order of potency to inhibit [ 3 H)his- 
- tamine binding to microsomal Hjc at low, 
but not high, affinity sites (Table 1) corre- 
lated with the rank order of potency in the 
proliferative assays, suggesting that the 
lower affinity sites represent, at least in 
part, binding to P450. The observation of 
a reasonable correspondence between the 
absolute concentrations of drugs to inhibit 
aminopyrinc demethylasc and those to in- 
hibit mitogenesis suggests that the P450 
isoenzymes that metabolize aminopyrinc 
arc relatively closely linked to mitogenic 
processes. 

As a class, drugs that promote tumor 
growth lend to be immunosuppressive 
(26,28); likewise, the potency of the five 
antihistamines to inhibit lymphocyte mi- 
togenesis correlated highly with their 
propensity to stimulate tumor growth in 
vivo. Thus, this simple and highly repro- 
ducible test, requiring little in the way of 
sophisticated laboratory equipment, may 
be the easiest assay with which to screen 
potential tumor growth promoters. For 
example, DPPE, fluoxetine, and amitrip- 
tyline are potent inhibitors of mitogenesis 
(IC^o = 0.1 fiA*, 0.75 yiM, and 2.5 yM t 
respectively) and accelerate tumor growth 
in vivo (JJ). Similarly, the same correla- 
tion shown now for astemizole, lorata- 
dine, and hydroxyzine raises concerns 
about other antihistamines that potently 
OCso, <10 \iM) inhibit mitogenesis, includ- 
ing prochlorperazine (Compazine, Smith- 
KJine Beecham, Philadelphia, Pa,; IC 50 = 1 
\iM), promethazine (Phenergan, Wyeth- 
Ayerst Laboratories, Philadelphia, Pa.; ICyj 
= 5 \xM)„ and terfenadine 2 (Se)dane, Marion 
Merre 11 Dow Inc.; IC* = 10 \xM), 

We recognize that the predictor tests 
have been applied to a small number of 



Table 2. Cooriaoon between onk order Of 
poiency ol swihis.amrnes in five rn vitro .nay* 
^d r,n> order to promote n.mon tn v,vo* 



In vhrc assay 



r1 



.954 
Sit 
.934 
.934 
JBi 
Sit 



( 3 H)Hituminc binding 
Histamine binding to P«3° 
Aminopyrinc dcmeihyUse 
Mhogcncsis 
Tumor colony f/owth 

CumuUl'.vt »CQre— f' v « a^**** 

•Potency to promote tumor* in vivo w« ranked 
»Jo^ «> Jhcdier the drug si^Jf^ly 
H^Ti?* row* of C3 fibrosarcoma and BI6FI0 
rV.Vl/ BaMd on Ihb criterion. k»mtad« and 
n ^"^?- ^ch ranted f«n (»ifnif»c*n» 

"£oS£ cTbVdf^or*); hydro.yzme nnW 

promotion of B 16 ' ^^0^ 

certain, each ranked loonh *rm a. g^cam promo- 
tion of either tumor). Thus, rank °^TJ^ £ 
vitro assay end «r* o.de, of Curmiler^ ^rt k» 
sTTfivT assays (Table I) were compered with the 
Zl Z^TuC 3. 4. e^ 4 H. *. « vivo rumor 

'^^^rncien, of rank corrUarfon. 
4>»<.02. 
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Fig. 2. Stimulation of BI6FI0 metarwroi 
colony jrtJWTh in vitro by kjiaiadine O- 
tcmiiolc (•). hydroiyrine (■). des rlamint 
... - - -- - — flbcd rn 



(6) 



(7) 



(A), and ceiirhinc i&h ** dua 
"Maieriils and Mefhodr aecuon. 



(°) 



nude 



compound*. Moreover, drug administra- 
te*! was by the inoaperitoneal took only 
and may have yielded results different 
from those obtained with ormJ ■dniiniin- 
lion. the latter characterized by vmibk 
Sorption and f.rst-p«5 liver metabo- 
lism.* Also, as eaemphf.td by the bell- 
shaped dose-response curves and die 
differing effects of asternizole and hy. 
droxyoinc on the growth of B16F10 
melanoma and C-3 fibrosarcoma, tumor 
promotion may depend on both the rumor 
type and the drug dose; a panel of several 
transplantable wrnor lines or additional 
models, such as 7J2^im^ylben4dJart- 
thracenc-inducxd carcinogenesis UJJ) 
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or human tumors implanted intd 

mice, might besi expose the properfeiiy of 
drugs, administered over a wide rtuman- 
equivalent dose range, to stimulate tumor 
growth. 

Although the potential for carcino- 
genicity has received considerable atten- 
tion in preclinical drug testing in ridents, 
the propensity of pharmaceuticalsjio en- 
hance the growth of existing tumors or 
ihe development of malignancy iAduced 
by chemical or viral initiators has been 
neglected. While caution must be exer- 
cised in extrapolating our data from rodents 
to humans, we believe that epidemiologic 
studies {29) may further contribirti to an 
understanding of the potential risks thai 
our laboratory findings have exposed. 
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T OT fnis al udy. Personal interviews 
solicited information on age, income, 
marital status, place or birth, educa- 
tion, health insurance coverage, Pap 
smear- and mammogram -screening 
practices, and si* questions relating to 
social network. A social network score 
was assigned to each woman by sum- 
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